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IlpegcmaBaeno urenom pegkoareruu B. H. Illymarnom

3a paHuMU reodiznunux obcepBaTopiii “Bopok” Ta "Koaepk" MpoBepeHO aHaAi3 eaeKTpo-
MarHiTHOI aKTUBHOCTI IIOBTOPHUX ITIA3E€MHUX IIOIITOBXIB, EMilleHTPU IKUX PO3MIITyIOThCSI OAM3b-
KO OAVIH Bij OAHOTO. BUABAEHO, 1110 SIKINO IIepeA IIEPIINM i3 cepil 3eMAeTPYCIB CIIOCTePIraeThCs
€AeKTPOMAarHiTHUM IIPOBICHUK, TO i lepe) KOKHUM 3 HaCTyIIHUX MTiA3€eMHUX IMOIITOBXIB Iliel ce-
pii TakOXK 3'ABAATHMETHCS OIEPEAKYBAABHUM CUTHaA. HaBepeHO KOHKPeTHI IpUKAaau i o06ro-

BOpEHoO OTpI/IMaHi PEe3yAbTaTU.

KAarouoBi croBa: 3eMaeTpycH, aTePIIOKH, eA€KTPOMAaTrHITHI TPOBICHUKM.

BBepenne. MHOrooOpas3HbI CBA3U IAEKTpPOMar-
HUTHBIX U CEICMOTEKTOHNYECKUX IIpOolleccoB. Aa-
JKe KpaTKuU 0030p padoT, HOCBAIIEHHBIX UCCAE-
AOBAHUIO YKA3aHHBIX CBsA3eH, yBeA OBl HAC Adne-
KO B CTOpPOHY. [To3TOMYy HIUJKe YIIOMSHYTHI TOAB-
KO HEKOTOpBIe PabOTEl, IPIMO UAM KOCBEHHO Ka-
caroluecs TeMbl UCCAepAOBaHusA. [Ipeskae Bcero,
CAepyeT YKa3aTh Ha TTIOUCK IAEKTPOMArHUTHBIX CUT-
HAAOB, COIIPOBOSKAQIOIINX PACIIPOCTPaHEeHNe Celic-
MHYeCKUX BOAH. PaBOTHI A@HHOTO HallpaBAEHUSA
IIpeACTaBAeHB], HalrpuMep, B o030pe [['yabeabMY,
2007]. OpHaKO K TeMe HacTOsAIeN CTaTbu OAM-
>Ke HallpaBAeHUe, PacCMaTpHUBAlollee NCKAIOUN-
TEABHO TPYAHYIO TPOOAEMY ITOUCKA SAeKTpOoMar-
HUTHBIX IPEABECTHUKOB 3€MAETPSICEHUM (CM., Ha-
npumep: [Atmospheric ..., 1999; Seismo ..., 2002;
Hattori, 2004; I'yabeabmu, 30ToB, 2012]). Ocobo
CAeAyeT YIOMSHYTh uccaepoBanus [Fraser-Smith
et al., 1990; Bernardy et al., 1991], 8 KoTopbIX 00-
Hapy’KeH ¥ IPOaHaAM3UPOBAH MOIIHBIN BCIIAECK
YABTPAHU3KO4YacTOTHEIX (YHY) sreKTpoMaruur-
HBIX KOAeDOAHMH Ilepe), 3eMAeTpsICeHreM B AOMa-
[Mpuera (1989, M=7%,1). B ctathe [Kopytenko et
al., 1993] coobiraeTcsa 0 KoreOaHUSIX TeOMarHuT-
HOTO IOAS ITIEPEA PA3PYILIUTEABHEIM 3eMAeTpsICe-
HueM B Cnurake (1988, M=6,9), B nyOABRKanIuax
[CobuceBuu uAp., 2010; Cobucesuy, CobuceBuy,
2010] — o6 obHapy>xeHUu YHY reoMarHuTHBIX
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BO3MYIII€HUM, OTPa’kaloluX IPOIleCC ITOATOTOB-
ku CymaTpa-AHAaAMaHCKOro 3eMAeTpscernd (2004,
M=9,1). Cepus paboT IOCBAIIEHA UCCAEAOBAHUIO
CBSI3U 3€MAETPSICEHUI C MAarHUTHLIMU Oy PSIMHU, IMe-
IOIIMMHY BHe3anHble HadaAa (SSC). Ob6Hapy>keHOo
U3MeHeHUe CeNCMUYeCKON aKTUBHOCTU Yepes He-
CKOABKO AHel tocae SSC [Cob6oaeB u Ap., 2001;
3akpykeBcKas, Cobones, 2002, 2004; AAYyIIKUH U
Ap-, 2012].

B pabote [A0oBOHS 1 Ap., 2006] coobiiaeTcss 00
obHapy>keHuu crennuaeckux YHY saekrpomar-
HUTHBIX CUTHAAOB B Auana3oHe yactotr 0—5 I,
IPeABapPAIONINX U COIIPOBOSKAAIOIINX 3eMAETPS-
cenus. CUTHAABL OT YAQAEHHBIX 3€MAETPICEHUNU
3aperucTpUpOBaHLl Ha oOcepBaTopuax “Bopok”
u "Koanrepx" B mHTepBare 0—>5 MUH OTHOCUTEAD-
HO MOMEHTa CEMCMUYECKOTr0 COOBITHS B BUAE AU-
00 eAUHUYHBIX, AUOO ITAaPHBIX UMIYABCOB. OCO-
OBl NHTEpEeC IPEACTaBAIAU Te U3 HUX, KOTOPhIe
HaOAIOAQAUCH AO 3eMAeTpsceHust. Ka>KabIN U3 I10-
AOOHBIX CUTHAAOB — OAHO U3 IPOSIBACHUU IIPO-
11eCCOB, KOTOPhIe IPOUCXOAAT PaHbIIIe 3eMAETPS-
CEeHMU U TaK UAU UHAuYe C HUM CBS3aHbL. B aTOM
CMBICAE UX MOKHO OTHECTH K IIPEABECTHUKAM 3eM-
AETPSICEHUN.

EcTecTBeHHBIM IPOAOAKEHMEM UCCACAOBAHUM,
HavaThIX B paboTe [A0BOHSI U Ap., 2006], HaM mIpea-
CTaBAsIETCS TIIATEAbHOE U3y4eHHe SAeKTpOMar-

I'eogpusuueckull xypraar Ne 3, T. 36, 2014



ISAEKTPOMATHUTHBIE [TPEABECTHUKH 3EMAETPACEHUM U UX [IOBTOPAEMOCTbD

HUTHOM aKTUBHOCTH ITOBTOPHBIX ITOA3EMHBIX TOAY-
KOB, UAM a(pTEPIIOKOB, COIIPOBOSKAAIOITUX CUAB-
HBle 3eMAeTpsceHud. [Ipu mocTaHOBKe 3TOU 3apa-
YU MBI UCXOAUM U3 IIPEAIIOAOSKEHMSI O BO3MOXK-
HOM ITOAOOMHU IIPOIIECCOB IIOATOTOBKU CEPUU 3€M-
AETpsICeHUHN, AOKAAU30BaHHBIX B IIPOCTPAHCTBE U
BpeMeHHU. B TakoM caydae MOKHO OJKHUAAQTH IIOBTO-
PSE€MOCTE U TOAOOME SAEKTPOMArHUTHBIX SIBAEHUMH,
aCCOITMMPYEMBIX C IPOIIeCCOM IIOATOTOBKM apTep-
IIIOKOB.

W3yueHuto 3Tol NpoOAEMEI 1 ITOCBSIIeHa AQH-
Has cTaThs. [ IpuBeAeHb! 9KCIIepHMeHTaAbHbIEe AQH-
HBIE O HAOAIOAEHUM SIAEKTPOMArHUTHOM aKTUBHO-
CTH IIPU OBTOPHBIX ITOA3EMHBIX TOAUKAX U 00 -
CY’KAEHBI IOAYUYEHHBIE PE3YABTATEL.

NcxopHBIT MaTepuan M1 MEeTOABI aHaAM3a.
Ananns YHY-u3Ay4eHUU BBITOAHSAACS 110 AQHHBIM
MarHUTHBIX U3MEPEeHUN Ha ABYX CPEAHEIINPOTHBIX
obcepBaTopusx — ['eousnueckoit obcepBaTopruu
"Bopok" MuctutyTta husrku 3eman PAH (58,1°c. 1,
38,2° B. A.) u l'eodpusmdaeckoii o6cepsaropunt “"Koa-
Aepx" (64,9° c. mr., 212.0° B. A.). ICXOAHBINM MaTe-
PHaA AAT @HAAM3a — 3allUCU Ha MarHUTHYIO AeH-
Ty YHY-Bapuramuii 3AeKTpOMarHuTHOTO TIOAS 3eM-
AU B AmanaszoHe dacToT oT 0 po 5 I'ti. AHanoro-
BBble MarHUTO(MOHHEIE 3aIIUCU OITU(PPOBLIBAAUCE,
a 3aTeM MOABEPTAAUCH CIIEKTPAABHO-BPEMEHHO-
MY aHaAU3y C HOMOIIbI0O KOMIIBIOTEPHBIX IIPOT-
pamM. [TocTpoeHbI AUHaMUYeCKye CIIEKTPhI KOAe-
0aHuY, T. €. TPEXMEepPHEIE CIIEKTPOTPAMMEL U3Me-
HEeHUSI UHTEHCUBHOCTH B 3aBUCUMOCTHU OT 4aCTO-
TBI U BDEMEHH, KOTOPEIE 3aTEM aHAAU3UPOBAAUCH
BU3YyaAbHO. A@HHBIE O 3eMAETPSCEHUSAX B34THI U3
kaTtanora International Seismological Centre, ISC
Catalogues, www.isc.ac.uk.

Pe3yabTaTsl HaOAIOAeHUS. [Tepep paccmoT-
peHmeM 3AeKTPOMarHUTHOM aKTUBHOCTH IIPU T10-
BTOPHBIX ITIOA3EMHBIX TOAUKAX IPUBEAEM HECKOAD-
KO IPUMEPOB AUHAMHYECKHUX CIIEKTPOB IIpeABe-
CTHUKOB MHAUBUAYAABHBIX 3eMAeTpsaceHut. Ha
puc. 1—4 TeMHBIMU CTPEAKAaMU OTMEYEeHbl MOMEH-
TBI 3eMAETPACEHUHU. B IOAIIUCAX K PUCYHKAM IPU-
BOASITCS CAEAYIOIINE TTapaMeTPhl 3eMAETPSICEHUIM:
MHUPOBOE BpeMs, reorpaduieckrie KOOPAMHATHI,
TAyOUHA /, B KM, Marauryaa M.

PazpymureabHOE 3eMAETpsICeHNE C MarHUTY-
Aoy M =77 npousouino B Pymeinuu 4 mapta 1977 1.
B 19: 21 UT. Iloa3eMHBIe TOAYKHY, BEI3BAHHbIE TTPU-
XOAOM CEMCMHUUYECKON BOAHBI U3 OYara rhaBHOTO
yAapa, olyIlaruch pa>ke B Mockse. 3a 4 MUH A0
MOMEHTAa 3eMAETPSICeHUs Ha obcepBaropun “Bo-
pok", pacioroskeHHOM B 300 KM K CeBepy-BOCTOKY
OT MOCKBBI, OBIAY 3aPETUCTPHUPOBAHBI ABA AEKT-
POMarHUTHEIX UMITYABCa, KOTOPBIE Ha 10 MUH ome-
PEeAUAM NIPUXO0A CEeMCMHUYECKOU BOAHBI U3 3IIU -
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IIeHTpa F'AABHOI'O yAapa (OTMEYEeH CBETAOU CTPEA-
KoM Ha pwuc. 1).

3T0 opnH U3 npuMepHO 200 BEIIBAEHHBIX Ha-
MM CAy4YaeB dA€KTPOMATrHUTHBIX IPEABECTHUKOB
3eMAeTPsICeHUuN (moppoOHee cM. B paboTe [A0BO-
HA U Ap., 2006]). HeckoAbBKO TPpUMEPOB MOSIBAE-
HUS IIPEABECTHUKOB 3€eMAETPSICeHUN, IIPOUCIIIEA-
IINX B Pa3HBIX PErvOHaX W C Pa3HOW MarHuTy-
AOM M, mpeaCTaBA€HO Ha puc. 2.

CyMMUPOBaB HAOAIOAEHUS TAKOTO POAQ, OTMe-
TUM CAepyrolilee. [TpeABeCTHUKY MOIYT IOSIBASITh-
Cs KaK IepeA CUABHBIMU, TaK U IIepep CAAOBIMUA
CEeMCMUYEeCKUMU COOBITUAMU. V1 B TOM, U B APY-
TOM CAydYae 3TO UAU eAWHUYHBIe, UAU NTapHBIE UM-
IIYABCHL. VIHTEHCMBHOCTb UMITYABCOB, IIPUXOAS -
VX U3 Pa3HBIX PETHOHOB, HE 3aBUCUT OT CUABI
3eMAETPSICEeHUS.

[MepeiipeM K aHAAU3Y SA€KTPOMArHUTHOM aK-
TUBHOCTHU IIPU HAAWUUHN CEPUU ITIOA3EMHBIX TOAY-
KOB, IIPOUCXOAAIINAX BOAM3H O4ara rAaBHOTO yAQ-
pa. [ToBTOpHEBIE 3eMAETPSACEHNSI YMepeHHOU MH-
TEHCUBHOCTU B TypIuu 4acTo HAOAIOAQIOTCA B
TeueHNe HeCKOABKUX AHEeM AU AaKe HepeAb. Ha
puc. 3nokasaH (pparMeHT MarHUTHOM 3al1CU Ha
obcepBaTopun "BOpoK" , MAAFOCTPUPYIOLIUMI XapaK-
Tep dAeKTPOMAarHUTHOM aKTUBHOCTH B UHTEpPBa-
Ae Bpemenu 20—21 UT. Kak BupHO U3 puc. 3,
IIPOIIIAA CepUs U3 4 3eMAETPSCEHNM, SNMUILeHTPHI
KOTOPBIX PACIIOAATaAMCh AOCTATOYHO OAU3KO APYT
K ApyTYy.

Ha o6cepraTopun “"Bopok" nepea Ka>kKALIM U3
3eMAETPSICEHUN OBIA 3aPETUCTPUPOBAH €TI0 IAEKT-
POMAarHUTHBIN IpeABeCTHUK. OTMeTHUM 3aBUCH-
MOCTBb UHTE€HCUBHOCTHU CUTHAAA OT MAaTHUTYARBI T10-
CAeAVIOIIero 3a HUM 3eMaeTpsiceHus. Ha puc. 3
BHAHO, UTO UHTEHCUBHOCTH IIEPBOTO U YeTBEPTO-
T'O BAEKTPOMAarHUTHBIX IIPEABECTHUKOB OBbIAA 3a-
MeTHO OOABlIlIe UHTEHCUBHOCTU BTOPOTO U Tpe-
Thero. [TopoOHast 3aBUCUMOCTE He HaOAIOAAAACh
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Puc. 1. TTosiBAeHNE 5A€KTPOMarHUTHOTO IIPEeABECTHU-
Ka IIpu 3eMAeTpsgceHum B PymeiHuum 4 mapra 1977 1.
CeticMuyecKkast BOAHA (CBETAAsl CTPEAKA) 3aperucTpHU-
poBaHa Ha oOcepBaTopuu "Bopok" cmycTs 6 MUH ITOC-
Ae MOMEeHTa I'AaBHOTO yAapa.
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Puc. 2. TIpuMepsl HaOAIOACHUSI SAEKTPOMArHUTHBIX IIPEABECTHUKOB.
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Puc. 3. IlpuMep IOSABAEHUSI SAEKTPOMArHUTHBIX
NIPEABECTHUKOB.

AASI CUTHAAOB, IIPEABAPSAIOIIUX U COIPOBOXKAA-
IOIIUX OTAEABHBIE 3€MAETPSACEHUS, KOTOPBIE IIPO-
HUCXOAMAU B PA3HBIX PETHOHAX (IOAPOOHEee 00 UH-
TEHCUBHOCTH CM. B cTaThe [AOBOHS U Ap., 2006]).
Paccmotpum puc. 4. CuabHOE TAyOOKOOKYC-
HOe 3eMAeTpsiceHne ¢ M = 6,5 IPOU30IIAO B aKBa-
Topuu Tuxoro okeana 31 suBapst 1973 r. 3a 4 MuH
AO MOMeHTa I'A\aBHOTO yAapa Ha oocepBaTopun “bo-
POK" PEruCTPUPYEeTCS SAeKTPOMArHUTHBIU IIPEeA-
BECTHUK, KOTOPBIM IIOBTOPSETCS U Ilepep OCAe-
AYIOIIUM 3a 3TUM yAQpoM aTepiiiokoM. CBETABI-
MU CTPEAKAMU OTMEYEH PEAKHUU CAydal HaDAIOAe-
HUS Ha 00cepBaTopuu "BOpoK" OT yAaA€HHOTO 3eM-
AETPSACEHUS OAHOBPEMEHHO P- 1 S-BOAH.
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Ha puc. 5 npeacTaBA€HO HECKOABKO IIpUMe-
POB MOBTOPSIEMOCTH IIPEABECTHUKOB 3€MAETPS -
ceHuni. CarepyeT OTMETUTb OAHY OCOOEHHOCTBb —
COXpaHeHMe pe>kUuMa IA€KTPOMarHuTHOTO MU3AY-
YeHUSI B OTAEABHOM peruoHe. Tak, IpU 3eMAe-
TpsiCeHUsIX, KOTophble mpousoiiau 01.11.75, mepep,
TIEePBBLIM U IIepep BTOPBIM MOA3EMHBEIMU TOAUYKA-
MU HAOAIOAQIOTCS TOAOOHBIE (DOPMBI, TaK Ha3bI-
BaeMble UMITYABCHI-OAU3HEITB], TOAPOOHO ONMCcaH-
HBEIe B paboTe [AoBOHS U Ap., 2006]. Apyrot pe-
XM HaOAtopancsa 22.03.86 — npepBeCTHUK IIO-
SIBUACSI B BUAE €AMHUYHOTO UMIIYAbCA (TaKOU Ke
pe>KuM HaOAIOAAACS U B CAydYae, IPUBEAEHHOM
Ha puc. 3). CMelIaHHBI PesKUM U3AYUEeHUS 3a(pUK-
cupoBaH 06.05.77.
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Puc. 4. TloBTOpeHre 3A€KTPOMArHUTHOTO MIPEABECTHU-
Ka B a(pTepuIoKe, IOCAEAYIOUIETO 3@ CUABHBIM 3€MAe-
TpsiceHueM B THUXOM OKeaHe.
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Puc. 5. HpI/IMepI:I IIOBTOPAEMOCTHU SACKTPOMAIHUTHBIX IIPEABECTHUKOB 3€MAeTp${CeHI/Ifl.

B nammem apxuBe nMmeeTcst OKOAO 30 TOAOOHBIX
IIPHUMEPOB.

OO0Ocy>kAeHUe U 3aKAI0UeHne. B xoae aHaAu-
3@ SAEKTPOMAarHUTHON aKTUBHOCTY ITOBTOPHBIX ITOA-
3eMHBIX TOAUKOB (aTEPIIOKOB) OOHApy>KeHa No-
BMOpseMocmb S3A€KTPOMAarHUTHBIX TTPEABECTHH-
KOB 3eMAETPSICeHUH, accoruupyeMas ¢ Iop00u-
€M U TTIOBTOPSIEMOCTBIO MTPOIIECCOB MOATOTOBKHU.

OOHapy>keHa UHTepecHas OCOOEHHOCTh B Xa-
pakTepe BAeKTPOMarHUTHOM aKTUBHOCTH, a@ MMEeH-
HO COXpaHeHUe OAHOTO M TOTO JKe pe’XKnMa BO3-
Oy>KAEHUS SIA€KTPOMArHUTHBIX UMIIYABCOB BHYT-
P¥ OTAEABHOM CEPUH TOBTOPHBIX TTOA3EMHBIX TOAY-
KOB. B 3aBMCHMMOCTH OT peruoHa 3To MOTyT OBITh
AMOO epAMHUYHBIEe, AMOO IapHble UMITYABCEL. Be-
POSITHO, IOSIBA€HME TOTO UAW UHOTO pe>KuMa CBS-
3aHO C pa3AWYHeM IIPOIeCcCOB MPeoOpa3oBaHUA
MeXaHUYeCKOY 9HEPTrUy B 9IA€KTPOMArHUTHYIO B
peruoHax ¢ pa3HoOU reOAOTUYeCKOU CTPYKTYPOUM.
3arapAKoM OCTaeTCs MOSIBACHUE ABYX CACAYIOIIUX
APYT 3a APYTOM UMITYABCOB, KaK IIPOsIBACHUE ABYX,
I10-BUAMMOMY, B3aMOCBSI3@aHHBIX IIPOI[ECCOB B
3eMHBIX Heppax.

OTMeueHa ellle 0AHA OCOOEHHOCTh — 3aBU-
CHMOCTb MHTEHCUBHOCTH CUTHAAA OT MaTHUTYABI
IIOCAEAYIOIIEero 3a HUM 3eMAeTpsiceHud. Ecau no-
AOOHAsI 3aBUCUMOCTb IOATBEPAUTCS B AQABHEN-
X HAaOAIOAEHHUSX , 3TO MOXKeT O3Ha4yaTh, UTO B
CAy4Yae IIOBTOPHBIX TOAYKOB UHTEHCUBHOCTE DAEKT-
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POMAarHUTHOTO IIPEABECTHUKA SIBASIETCSI OAHUM U3
IIapaMeTPOB, TECHO CBSI3aHHBIX C MAaTHUTYAOM ITO-
CAEAYIOLIEro 3a HUM CEeMCMUUYECKOTr0 COOBITHA.

PesyabTaThl aHaAM3a MOTYT HAaWTU IpUMeHe-
HMe IIPU IIOUCKe U pPa3paboTKe METOAOB IIPOTHO-
3@ ITIOBTOPHBIX 3€MAETPSACEHUN. AQPTEPIIOKH IIPEA;
CTaBASIFOT CePbe3HYIO OIIaCHOCTh AASI PETHOHQ, TO-
CTPAAABIIIETO B Pe3yAbTaTe IEPBOTO U3 3eMAETPSI-
ceHUi. [ToBTOpI€MOCTb 3A€KTPOMATrHUTHBIX IIPEA-
BECTHUKOB IIOBTOPHBIX ITIOA3EMHBIX TOAUKOB AQ€eT
NIPUHIMINAABHYIO BO3MOKHOCTL OIIEPATUBHOTO
OIIOBeIIeHU (38 HECKOABKO MUHYT) 00 OUYepepHOM
3€MAETPSICEHUN.

HamoMHMM, 4TO HAOAIOAEHUSA SAeKTPOMArHuT-
HBIX IIPEABECTHUKOB IIPOBOAHAMCE Ha 3HAYNUTEAD-
HBIX VAQAEHUSX OT SIUIIEHTPOB 3eMAETPSICeHUH,
YTO MOTAO IIPUBOAUTE K YaCTUYHOMY MCKaKEHUIO
HaYaAbHBIX XapaKTePHUCTUK CUTHAAOB Ha Tpacce
ux pacupocTpaHeHus. [ToaToMy IpeACcTaBAeHHEBIE
PEe3YABTAThI CAEAYET CUUTATH IIPEABAPUTEABHBIMHU.
HawnOonee MOAHO CBOMCTBO ITOBTOPSIEMOCTH 3AEKT-
POMAarHUTHBIX IPEABECTHUKOB B CEPUU 3€MAETPSI-
CEeHUM MOJKeT OBITh PACKPHITO IIPU HAOAIOAEHU-
SIX B 3IUII€HTPAABHBIX 30HAX 3€MAETPSICEHUMN.

Asmop 6aarogapum A. C. [lomanoBa 3a noaes-
Hble 00Cy)XgeHusA Npu NOgromoBKe gaHHOU cma-
mbu. Paboma BLINOAHEHA NPU YACMUYHOU noggep-
ke Poccutickoro ponga pyngameRmarbHbIX Uc-
caegoBanull (rpanmet 13-05-00066 u 13-05-00529).
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Electromagnetic precursors of earthquakes
and their recurrence
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Analysis of the electromagnetic activity of aftershocks, which epicenters are located close to
each other, was carried out using the data recorded by Borok and College Geophysical Ob-
servatories. It is found that in the case when the first earthquake is accompanied by its electro-
magnetic precursor, every next aftershock from this series is also preceded by its precursor. The
concrete examples are presented and the results are discussed.

Key words: earthquake, aftershocks, electromagnetic precursors.
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